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Piston-Cylinder Unit 
background of the invention 

1 . Field of the Invention 

[0001] The invention is concerned with a piston-cylinder unit, having a closed 
cylinder in which a piston is guided in an axially displaceable manner sealed off from the 
cylinder via an annular seal radially surrounding it, and divides the cylinder interior into a 
working space near the piston rod and a working space away from the piston rod, the 
two working spaces being filled with a fluid, in particular with a hydraulic fluid. A 
one-sided piston rod extends through the working space near the piston rod and is 
guided in a sealed manner to the outside through an end closing wall of the cylinder. A 
first valve can be opened under pressure, in particular under high pressure, to connect 
the working space away from the piston rod to the working space near the piston rod. A 
second valve can be opened under high pressure to connect the working space near 
the piston rod to the working space away from the piston rod. A volume-equalizing 
chamber receives an amount of hydraulic fluid displaced from the working space away 
from the piston rod, which is greater than the amount displaced from the working space 
near the piston rod. 

2. Description of the Related Art 

[0002] A known piston-cylinder unit of this type has a volume-equalizing chamber 
which is arranged in an end region of the cylinder and is separated from the working 
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space away from the piston rod by a partition. This design results in a large overall 
length and a high outlay on components for the piston-cylinder unit. 
[0003] It is therefore the object of the invention to provide a piston-cylinder unit of 
the type mentioned at the beginning which makes a compact construction with fewer 
components possible. 
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SUMMARY OF THE INVENTION 

[0004] According to the invention, the volume-equalizing chamber is arranged in 
the piston, and the working space away from the piston rod can be connected to the 
volume-equalizing chamber via the first valve, and the working space near the piston 
rod can be connected to it via the second valve, and in that the volume-equalizing 
chamber can be connected to the working space away from the piston rod via a first 
nonreturn valve and can be connected to the working space near the piston rod via a 
second nonreturn valve. 

[0005] Since the cylinder can now be of shortened design and also the piston has 
at most only to be extended slightly, a very compact piston-cylinder unit is achieved. 
The integration of the volume-equalizing chamber in the piston furthermore results in a 
reduction in the components which are required and therefore also in a considerable 
reduction of costs for the piston-cylinder unit. 

[0006] The piston-cylinder unit may be used, for example, as a shock absorber. 
[0007] Another advantageous possibility is in the use as a door arrester which 
acts in an infinitely variable manner, in particular for a door of a motor vehicle. 
[0008] So that the volume of the volume-equalizing chamber always corresponds 
to the volume of fluid which is to be received, it is possible for the volume of the 
volume-equalizing chamber to be increased under pressure loading and to be reduced 
under pressure relief. 
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[0009] One suitable design in this regard involves arranging a volume-equalizing 
element which reduces its volume under pressure loading and increases its volume 
under pressure relief in the volume-equalizing chamber. 

[0010] In another suitable design of simple construction, the volume-equalizing 

chamber has a flexible wall designed, in particular, as an elastic diaphragm. 

[0011] The first and/or the second valve, which can be opened under high 

pressure, can be a third and/or fourth force-loaded nonreturn valve, in which case, in a 

simple design, the first and/or second valve, which can be opened under high pressure, 

has a closing element which is loaded in the closing direction by a compression spring, 

in particular by a helical compression spring or a cup-type compression spring. 

[0012] One possibility for the first and/or second valve is for the first and/or 

second valve, which can be opened under high pressure, to be a seat valve. 

[0013] In the same manner, the first and/or second valve, which can be opened 

under high pressure, can advantageously be a slide valve. 

[0014] For reliable guidance of the closing elements, the first and/or the second 
valve, which can be opened under high pressure, can have a valve chamber which is 
formed in the piston and in which a valve piston is guided displaceably in a sealed 
manner. The valve piston bears a closing element which is acted upon in the closing 
direction by a force and is acted upon in the opening direction by the pressure of one of 
the working spaces, and by means of which the valve passage of the first and/or second 
valve, which can be opened under high pressure, can be blocked. 
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[0015] In order, when the piston is at a standstill, to ensure closure of the first 
and/or second valve, the closing element or the valve piston can be acted upon in the 
closing direction by a spring. 

[0016] This may take place by means of a helical compression spring. 
[0017] Another possibility is for the closing element or the valve piston to be 
acted upon in the closing direction by a force from one or more spring arms which are 
supported on the piston and the force of which is degressive on the path of movement 
of the closing element or the valve piston in the opening position, at least in the last part 
of the path of movement, and is at least largely zero in the opening position. This has 
the advantage that, during displacement of the piston, the closing element or the valve 
piston remains in its open position, and, in particular if the piston moves slowly, a 
fluttering movement of the closing element does not occur. 

[0018] Another possibility for acting upon the closing element or the valve piston 
with force is for the closing element or the valve piston to be acted upon in the closing 
direction by magnetic forces. In this case too, the closing force drops rapidly and 
sharply after the closing element is opened. 

[0019] This is achieved in a simple manner in that a permanent magnet is 
arranged on the valve piston or the piston, and a ferromagnetic component is arranged 
on the piston or valve piston opposite the permanent magnet in the direction of 
movement of the valve piston. 

[0020] In order to reliably retain the closing element in its open position during the 
displacement process, it is possible for the closing element or the valve piston to be 
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retained in the opening position of the first and/or second valve with a retaining force 
which is smaller than the oppositely directed closing force, but added to a pressurization 
of the valve is larger. 

[0021] One advantageously constructed possibility is for the valve piston or the 
piston to be able to be latched in the opening position with a latching element into a 
latch on the piston or the valve piston, and for the force for unlatching the latching 
element from the latch to be the retaining force. 

[0022] Finally, it is also possible for a snap spring which is supported with the 
free end of its snap arm on the piston to be arranged on the piston, the snap arm being 
in contact with the piston in the axial direction at least largely without any force in the 
closed position of the valve piston and, in the opening position of the valve piston, 
acting upon the piston, thus producing the retaining force. 

[0023] To reinforce the closing force, on the side facing away from the closing 
element it is possible for a permanent magnet to be arranged on the valve piston and, 
facing said permanent magnet, for a further permanent magnet to be arranged on the 
piston, said permanent magnets butting against each other. 

[0024] An integration of functions saving on construction space and components 
is produced if the annular seal of the piston is designed such that it forms the first and 
the second nonreturn valve. 

[0025] In a simple manner, it is possible for this purpose for the annular seal to 
have two annular sealing lips at an axial distance from each other, of which the free end 
regions, which bear against the inner wall of the cylinder, are directed away from each 
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other, and for the volume-equalizing chamber to be connected to the space between the 
annular sealing lips via a connecting line, it being possible for the annular sealing lips to 
be two separate components or else connected to each other in their foot region. 
[0026] Another, likewise simple possibility consists in that the annular seal of the 
piston has a sealing ring which bears elastically against the inner wall of the cylinder 
and on whose foot region, which is arranged on the piston, valve flaps which extend 
away axially in opposite directions are integrally formed, said valve flaps being able to 
be used to close connecting lines which open radially on the piston into the cylinder and 
lead to the volume-equalizing chamber. 

[0027] Other objects and features of the present invention will become apparent 
from the following detailed description considered in conjunction with the accompanying 
drawings. It is to be understood, however, that the drawings are designed solely for 
purposes of illustration and not as a definition of the limits of the invention, for which 
reference should be made to the appended claims. It should be further understood that 
the drawings are not necessarily drawn to scale and that, unless otherwise indicated, 
they are merely intended to conceptually illustrate the structures and procedures 
described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] Figure 1 shows a cross section of a first exemplary embodiment of a 
piston-cylinder unit; 

[0029] Figure 2 shows a symbolic cross-sectional view of a second exemplary 
embodiment of a piston-cylinder unit; 

[0030] Figure 3 shows a symbolic cross-sectional view of a third exemplary 
embodiment of a piston-cylinder unit; 

[0031] Figure 4 shows a symbolic cross-sectional view of a fourth exemplary 
embodiment of a piston-cylinder unit; 

[0032] Figure 5 shows a symbolic cross-sectional view of a fifth exemplary 
embodiment of a piston-cylinder unit; 

[0033] Figure 6 shows a symbolic cross-sectional view of a sixth exemplary 
embodiment of a piston-cylinder unit; 

[0034] Figure 7 shows a symbolic cross-sectional view of a seventh exemplary 
embodiment of a piston-cylinder unit; 

[0035] Figure 8 shows a symbolic cross-sectional view of an eighth exemplary 
embodiment of a piston-cylinder unit; 

[0036] Figure 9 shows a symbolic cross-sectional view of a ninth exemplary 
embodiment of a piston-cylinder unit; 

[0037] Figure 10 shows a symbolic cross-sectional view of a tenth exemplary 
embodiment of a piston-cylinder unit; 
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[0038] Figure 11 shows a symbolic cross-sectional view of an eleventh 
exemplary embodiment of a piston-cylinder unit; 

[0039] Figure 12 shows a symbolic cross-sectional view of a twelfth exemplary 
embodiment of a piston-cylinder unit; 

[0040] Figure 13 shows a symbolic cross-sectional view of a thirteenth exemplary 
embodiment of a piston-cylinder unit; 

[0041] Figure 14 shows a symbolic cross-sectional view of a fourteenth 
exemplary embodiment of a piston-cylinder unit; 

[0042] Figure 15 shows a symbolic cross-sectional view of a fifteenth exemplary 
embodiment of a piston-cylinder unit; 

[0043] Figure 16 shows a cross-sectional view of a first exemplary embodiment 
of a cut-out in the region of the annular seal of a piston-cylinder unit; 
[0044] Figure 17 shows a cross-section of a second exemplary embodiment of a 
cut-out in the region of the annular seal of a piston-cylinder unit; 
[0045] Figure 18 shows a cross section of a third exemplary embodiment of a 
cut-out in the region of the annular seal of a piston-cylinder unit; 
[0046] Figure 19 shows a cross section of a fourth exemplary embodiment of a 
cut-out in the region of the annular seal of a piston-cylinder unit; 
[0047] Figure 20 shows a cross section of a fifth exemplary embodiment of a cut- 
out in the region of the annular seal of a piston-cylinder unit; 

[0048] Figure 21 shows a cross section of a sixth exemplary embodiment of a 
cut-out in the region of the annular seal of a piston-cylinder unit; 



10 



By Express Mail # EV273338316US 

[0049] Figure 22 shows a cross section of a seventh exemplary embodiment of a 
cut-out in the region of the annular seal of a piston-cylinder unit; 
[0050] Figure 23 shows a cross section of an eighth exemplary embodiment of a 
cut-out in the region of the annular seal of a piston-cylinder unit; 
[0051] Figure 24 shows a cross section of a ninth exemplary embodiment of a 
cut-out in the region of the annular seal of a piston-cylinder unit; 
[0052] Figure 25 shows a cross section of a first exemplary embodiment of a 
closing element of a valve, which opens under pressure, of a piston-cylinder unit; 
[0053] Figure 26 shows a cross section of a second exemplary embodiment of a 
closing element of a valve, which opens under pressure, of a piston-cylinder unit; 
[0054] Figure 27 shows a cross section of a third exemplary embodiment of a 
closing element of a valve, which opens under pressure, of a piston-cylinder unit; 
[0055] Figure 28 shows a cross section of a fourth exemplary embodiment of a 
closing element of a valve, which opens under pressure, of a piston-cylinder unit; 
[0056] Figure 29 shows a cross section of a fifth exemplary embodiment of a 
closing element of a valve, which opens under pressure, of a piston-cylinder unit; 
[0057] Figure 30 shows a cross section of a sixth exemplary embodiment of a 
closing element of a valve, which opens under pressure, of a piston-cylinder unit; 
[0058] Figure 31 shows a cross section of a seventh exemplary embodiment of a 
closing element of a valve, which opens under pressure, of a piston-cylinder unit; 
[0059] Figure 32 shows a cross section of an eighth exemplary embodiment of a 
closing element of a valve, which opens under pressure, of a piston-cylinder unit; and 
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[0060] Figure 33 shows a cross section of a ninth exemplary embodiment of a 
closing element of a valve, which opens under pressure, of a piston-cylinder unit. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

[0061] The piston-cylinder units illustrated in the figures are door arresters, which 
act in an infinitely variable manner, for motor vehicles. They have a closed cylinder 1 in 
which a piston 2 is guided in a displaceable manner, the piston dividing the interior of 
the cylinder 1 into a working space 3 near the piston rod and a working space 4 away 
from the piston rod. The two working spaces 3 and 4 are filled with oil. 
[0062] A piston rod 5 is arranged on one side of the piston 2 and extends through 
the working space 3, and is guided in a sealed manner to the outside through a seal 10 
and through an end closing wall 6 of the cylinder 1 . 

[0063] Arranged adjacent to the closing wall 6 in the working space 3 is an end 
position damping means 7 comprising a damping piston 8, which can be freely 
displaced axially in the working space 3, and a compression spring 9, which is arranged 
between the damping piston 8 and the closing wall 6. 

[0064] In order to fasten the piston rod 5 to the piston 2, the latter has a coaxially 
protruding projection 11 with a coaxial hole 12, into the mouth of which the piston rod 5 
is inserted fixedly with its one end. 

[0065] Two radial holes 13 open into that region of the coaxial hole 12 which is 
nearer the piston 2 and to which the piston rod 5 does not reach, and connect the 
coaxial hole 12 to the working space 3. 

[0066] At the piston end, the coaxial hole 12 opens into a valve chamber 14 
which is formed in the piston 2 and in which a valve piston 15 is arranged in an axially 
displaceable manner and sealed by a seal 19 radially surrounding it. The valve piston 
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1 5 is provided with a closing element 1 6 which is the closing element of a seat valve 
and lies coaxially opposite the mouth of the coaxial hole 12 into the valve chamber 14, 
which mount is designed as a valve seat. A helical compression spring 18 which is 
supported on the bottom 17 of the valve chamber 14 causes the valve piston 15 to act 
with its closing element 16 against the mouth of the coaxial hole 12, closing it. 
[0067] With the exception of the projection 1 1 , that side of the piston 2 which 
faces the working space 4 is constructed in precisely the same manner as the side 
which faces the working space 3, and the corresponding components are provided with 
the reference numbers 12', 14', 15', 16', 17', 18' and 19'. 

[0068] Between the two bottoms 17 and 17', a volume-equalizing chamber 20 is 
formed in the piston 2, the chamber being connected permanently via a first connecting 
line 21 to the spaces 60 and 60' formed between the valve pistons 15 and 15' and the 
respective end walls 22 and 22' of the piston 2. 

[0069] A volume-equalizing element 23 which reduces its volume under pressure 
loading and increases it under pressure relief is arranged in the volume-equalzing 
chamber 20. 

[0070] From the first connecting line 21, two connecting lines 24 and 25, which 
are formed at a distance from each other in the direction of longitudinal extent of the 
piston 2, lead radially outwards and open on the radially encircling circumferential 
surface of the piston 2. The mouths of the connecting lines 24 and 25 leading into the 
gap between the radially encircling circumferential surface of the piston 2 and the inner 
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wall for the cylinder 1 can be closed by elastic valve flaps 26 and 27 of the first and 
second nonreturn valves 36 and 37. 

[0071] At their mutually facing ends, the valve flaps 26 and 27 are connected 
integrally to a sealing ring 28 which radially surrounds the piston 2 in the region 
between the connecting lines 24 and 25. The working spaces 3 and 4 are separated 
from each other by the sealing ring 28. 

[0072] When the piston rod 5 is not subjected to a load, all of the valves are 
closed and the piston 2 is retained in its position at that particular instance. If a 
compressive force is exerted on the piston rod 5, the piston 2 moves into the working 
space 4. The oil pressure produced in the process acts on the closing element 16' and 
lifts the latter off from its valve seat counter to the force of the helical compression 
spring 18'. Since the oil pressure now acts on the large surface of the valve piston 15', 
the latter moves rapidly into its left-hand end position. Furthermore, the oil displaced 
from the valve chamber 14' is conveyed via the connecting lines 21 and 24 and the 
opening valve flap 26 into the valve chamber 14, which increases in size. Since the 
increase in size of the working space 3 on the basis of the volume of the piston rod 5 is 
smaller than the reduction in size of the working space 4, the excess oil is received by 
the volume-equalizing chamber 20 with the volume of the volume-equalizing element 23 
being reduced. 

[0073] At the end of the action of the compressive force on the piston rod 5, all of 
the chambers again become unpressurized and all of the valves close. 
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[0074] In the case of an extension movement of the piston rod 5, the same 
procedure takes place in the reverse direction, oil not only flowing out of the working 
space 3 via the connecting lines 21 and 25 and the opening valve flap 27, but also the 
expansion of the volume-equalizing element 23 causing oil to flow out of the 
volume-equalizing chamber 20 into the working space 4. 

[0075] Figures 2 to 15 illustrate the wide variety of arrangements of the lines 21 , 
24 and 25, arrangements of the nonreturn valves 36 and 37 and arrangements of the 
volume-equalizing chamber 20 in the piston 2, the function of these parts corresponding 
to the function in Figure 1 . 

[0076] Figures 11 to 15 show special refinements of the valve piston 15 and the 
manner in which it is acted upon by a force. Thus, in Figures 11 and 12, an annular 
permanent magnet 38 is arranged on the valve piston 15 and a corresponding 
ferromagnetic component 39 is arranged opposite it on the piston 2. As a result, the 
piston 15 is retained in its closed position by a high force which drops sharply even after 
a small movement in the opening direction and thus ensures that the valve is definitely 
opened. The actual loading for closing purposes takes place by means of the helical 
compression spring 18. 

[0077] In the case of the exemplary embodiment of Figure 12, there is no helical 
compression spring 18. In this case, the loading for closing purposes also takes place 
by means of the forces of attraction between the permanent magnet 38 and the 
ferromagnetic component 39. 



16 



By Express Mail # EV273338316US 

[0078] In addition, the loading for closing purposes is also increased by two 
annular permanent magnets 40, 41. In this case, the permanent magnet 40 is arranged 
on the valve piston 15, at its end which faces away from the closing element 16, and the 
further, annular permanent magnet 41 is arranged axially opposite it on the bottom of 
the valve chamber 14. The repulsion forces of the permanent magnets 40, 41, which 
are arranged with identical poles facing each other, produce the additional loading for 
closing purposes. 

[0079] In Figure 13, latching hooks 42 are arranged on the valve piston 15 and 
are prestressed radially inwards by a spring strip 43. In the closed position of the valve 
piston 15, the latching hook 42 engages with its latching lug 44 in a right-hand latch 45. 
During opening of the valve, the latching lug 44 is lifted over a bulge 46 and latches in a 
left-hand latch 47. The unlatching force which is to be overcome in the reverse 
movement forms a retaining force which is used to retain the valve piston 15 in its open 
position. 

[0080] In Figure 14, a retaining force of this type is exerted by a snap arm 48 of a 
snap spring 49. The snap spring 49 is fastened to the valve piston 15 and acts with its 
snap arm 48 upon the piston 2. In the closed position which is illustrated, this action 
takes place radially and therefore has no effect on an axial displacement of the valve 
piston 15. If, however, the latter is moved in the opening direction, the snap arm 48 
passes into the region of a ramp 50 of the piston 2 and can act with an increasing axial 
component of force on the valve piston 15 in the opening direction. 
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[0081] In Figure 15, the valve piston 15 is acted upon in the closing direction by 
radial spring arms of a disc-type compression spring 51, the force of which is 
degressive over the path of movement into the open position. 

[0082] Figures 16 to 24 show the wide variety of designs of the valve flaps 26 
and 27 of the nonreturn valves 36 and 37 and of the sealing ring 28, these three 
elements being designed as one component with the exception of the embodiment in 
Figure 16. 

[0083] In the exemplary embodiments of Figures 16 and 17, the connecting lines 
24 and 25 are combined to form a line which opens into the region between two annular 
sealing lips 29 and 30, the free end regions of which are directed away from each other. 
These annular sealing lips 29 and 30 carry out both the function of the valve flaps and 
also the function of a sealing ring which separates the two working spaces 3 and 4 from 
each other. 

[0084] The sealing ring function is also carried out by the annular sealing lips 31 
and 32 in Figures 18 and 23. 

[0085] The exemplary embodiments of Figures 18 and 24 additionally have flow 
by-passes 33 designed as integral components of the sealing ring. 
[0086] For easy displaceability, in Figure 22 the elastic sealing ring 28 rests on 
the inner wall of the cylinder 1 via a sliding ring 34 inserted in a circumferential channel 
in the sealing ring. 

[0087] To fix it in its fitted position, the sealing ring 28 is retained in Figure 23 on 
the piston 2 by a clamping ring 35 which fits around it. 
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[0088] Figures 25 to 28 show closing elements 16 of valves which are designed 
as slide valves, a valve slide 52, which is loaded on the end side by the pressure of the 
working space 3, being able to move axially in the coaxial hole 12. An axial 
displacement of the valve slide 52 to the right causes a connection from the working 
space 3 via a hole 53 to the connecting line 21 (not illustrated) to be opened. 
[0089] In order to seal the valve slide 52 in the coaxial hole 12, in Figure 25 the 
valve slide 52 is provided with an annular seal 54 and in Figure 27 with a sealing cap 55 
and in Figures 26 and 28 is produced at its free end completely from an elastomer. 
[0090] Exemplary embodiments 29 to 33 show closing elements 16 of seat 
valves. In this case, in Figure 29 an elastomeric valve ball 56 can be pressed against 
the valve seat. 

[0091] In Figure 30, the valve seat is formed by an elastomer ring 57 surrounding 
the mouth of the coaxial hole 12. 

[0092] Figure 31 corresponds to the embodiment in Figure 1 . 
[0093] In Figure 32, the closing element 16 is provided on the end side with an 
elastomer cap 58, and in Figure 33 the closing element 16 bears a sealing ring 59 on its 
end side. 

[0094] Thus, while there have shown and described and pointed out fundamental 
novel features of the invention as applied to a preferred embodiment thereof, it will be 
understood that various omissions and substitutions and changes in the form and 
details of the devices illustrated, and in their operation, may be made by those skilled in 
the art without departing from the spirit of the invention. For example, it is expressly 
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intended that all combinations of those elements and/or method steps which perform 
substantially the same function in substantially the same way to achieve the same 
results are within the scope of the invention. Moreover, it should be recognized that 
structures and/or elements and/or method steps shown and/or described in connection 
with any disclosed form or embodiment of the invention may be incorporated in any 
other disclosed or described or suggested form or embodiment as a general matter of 
design choice. It is the intention, therefore, to be limited only as indicated by the scope 
of the claims appended hereto. 
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